The nonlinear refractive-index (n 2 ) spectrum of ZnSe near the band gap (Xgap -450 nm) at 77 K was measured for the first time to our knowledge by using self-bending of a pulsed laser beam. The maximum nonlinearity, n 2 -1.9 X 10-8 cm 2 /W, measured by us is anomalously large, which cannot be explained by conventional thermally induced band-gap shrinkage.
ZnSe is one of the semiconductor materials with large nonlinear refractive index, [1] [2] [3] [4] [5] especially in the blue domain (Agap -450 nm at 77 K). Although it is believed that the nonlinearity of ZnSe is basically due to thermally induced band-gap shrinkage 2 ' 3 (TIBS), the nonlinear mechanisms are still not completely understood. Substantial information on the origin of the nonlinearity could be found from the measurements of the spectrum of nonlinear refractive index (An) in the vicinity of resonant transitions (e.g., excitonic or band-edge transitions). Recently many new An measurement techniques have been proposed, such as selfdefocusing to determine An for some specific wavelengths in InSb (Ref. 6 ) and the Z-scan technique 7 (which measures the effective nonlinear focal length and is essentially based on external self-focusing 8 ), for measuring the nonlinear refractive index n 2 of ZnSe at two specific laser wavelengths. 4 One of the natural candidates for the An measurements is also the socalled self-bending (SB) effect, first proposed in Ref. 9 and subsequently observed' 0 in the pulse regime in NaCl crystal and recently in CS 2 (Ref. 11) ; the first cw measurement was done in sodium vapor.1 2 In this Letter we use the SB effect for what is to our knowledge the first time to measure the spectrum of the nonlinear refractive index of ZnSe in the vicinity of the band gap. 5 An ideal case of SB occurs when a slab beam with a triangular spatial intensity profile, I(y), propagates through a Kerr-like nonlinear medium 9 "13"1 4 to form a light-induced prism. If the nonlinear component of the refractive index is n 2 I, where n 2 is the coefficient of nonlinearity, the beam will be self-deflected in the farfield region by the angle ONL, ONL = n 2 LIO/ao,
where ao is the beam size, L is the thickness of the nonlinear medium, and Io is the laser peak intensity in the nonlinear medium. For our experiment parameters we showed using Ref. 13 as large as 1.9 X 10-8 cm 2 /W, and used it to make direct spectral measurement of n 2 in ZnSe. The SB method for measuring the spectrum n 2 (X) may present certain advantages over other rhethods. It requires (in principle) a single shot per data point (X) (although, owing to the lack of the detection equipment required for that, our measurements here were based on multishot averaging), whereas the Z-scan technique 4 ' 7 ' 8 inherently involves many shots and requires high mechanical and laser shot-to-shot stability. SB also allows one to measure n 2 directly with one laser beam, in contrast to the technique that uses two (pump and probe) laser beams,1 5 and the results for n 2 are obtained indirectly (by using the Kramers-Kronig transformation).
Last, the sign of n 2 can be directly determined from the SB direction.
The experimental setup is shown in Fig. 1 . An 8-nsec pulsed dye laser was pumped with a frequencytripled Nd:YAG laser. The collimated beam radius (1/e 2 ) after lenses L 3 and L 4 was ct3.5 mm, and the radial spot size in the sample plane was ao -100 ,um (which was calculated by using all the measured parameters of the optical system). A razor blade (RB) was inserted into the collimated beam to form a semiGaussian intensity profile, which was then imaged onto the ZnSe sample. After passing through the ZnSe, the beam was collimated by positive lens L 6 . By measuring the displacement of the peak of the SB profile DNL, the SB angle is determined to be ONL DNL/L6. The samples were 500-ym-thick single-crystal ZnSe cut from the large (1 cm X 1 cm X 2 cm) ZnSe boules grown by the modified zone-melting method. 16 All the measurements were done at 77 K. The SB intensity profile in the far-field area was obtained by scanning a pinhole across the laser beam and detecting the signal with a silicon photodiode connected to a boxcar integrator (gate width set to -10 nsec). Typical far-field intensity profiles are shown in secondary peaks on the profile correspond to asymmetrical diffraction rings that accompany SB, similar to the subpeaks in Ref. 12 . It can be seen from Fig. 3 that as the laser wavelength is tuned away from that of the band edge, the far-field intensity profile first changes significantly but then remains essentially constant and therefore corresponds to a negligibly small nonlinearity (see the linear far-field profile in Fig. 2 ). Using Eq. (1), where L -500 ,um, a 0 -100 Mum,
and Io -1.1 X 105 W/cm 2 , we find that n2 c 6.1 X 10-9 cm 2 /W. The relative error on n 2 after averaging over a number of measurements is +5% (this does not include a possible systematic error).
The measured spectrum ONL(X) is shown in Fig. 3 (the filled circles and solid curve). Intensity profiles in the far-field area are plotted in Fig. 3 for some specific wavelengths X. ONL had a clear maximum at -448 nm, where ONL n 3.5 mrad. The spectrum n2(X) can be calculated by using the measured spectrum of ONL and Eq.
(1), which should also take absorption into consideration. Our measurement showed that the absorption may become significant near the band gap (e.g., -30% at X 448 nm; see the inset in Fig. 3 Fig. 3 ). Using measured SB angles (the solid curve in Fig. 3 ) with the corrected Eq. (1), we calculated the spectrum n 2 (X) plotted in Fig. 3 (the dashed curve) ; the shaded area in Fig. 3 Although there are a few known mechanisms that give rise to n 2 , 1 -5 '
18 the commonly believed dominant effect near the band gap is TIBS. 2 ' 3 If we assume the worst-case situation in which no heat transfer takes place during a single laser pulse, the maximum increase of the local temperature in the sample due to heating with the laser pulse energy in the nonlinear CP -0.34 J/(K-cm 3 ) is the heat capacity of ZnSe at 80 K. 2 "1 9 The absorption spectrum (the inset of Fig. 3) shows that the maximum absorption coefficient measured over 446-460 nm is -74 cm'1 at X -446 nm.
With the typical Jlaser 2.2 X 10-7 J, and ao and L as above, the absorption could increase the temperature of the sample at the boundary (x = 0) [Eq. (2) it can be translated into the total SB angle due to TIBS as
where no 2.8 is the linear refractive index (its linear dispersion is neglected here). The spectrum [ONL(X)]T thus calculated is plotted in the inset of Fig. 3 . The peak ONL measured by us in Fig. 3 occurs at X 448 nm and is 3.5 mrad. At the same X the SB angle calculated based on TIBS is only (ONL)T 1.3 X 10-5 rad, i.e., at least two orders of magnitude smaller. The errors due to some uncertainties in the calculated values of spot size, energy calibration, and other parameters cannot increase (ONL)T by more than an order of magnitude. Another (although not so strongly pronounced) difference is that whereas the TIBS spectrum plateaus near the fundamental band gap (see the inset in Fig. 3 ), our measured spectrum has a maximum. TIBS due to repetitive laser pulses can also be ruled out since our results were independent of repetition rate (1-10 Hz). Thus we rule out TIBS as a mechanism of the observed nonlinearity. 2 2 Saturation (band filling) and free-carrier effects 4 ' 23 can also be ruled out since they both result in negative n 2 .
In conclusion, the nonlinear refractive-index spectrum of ZnSe was directly measured by using the selfbending of a pulsed laser beam. It was demonstrated that this effect can provide a simple and reliable method of direct measurement of the nonlinear spectrum of semiconductor materials. Self-bending in semiconductors has the potential for such applications as the radiation protection of optical sensors and resonatorless optical bistability.
